We have investigated the hadronic production of the heavy gauge bosons Z H , B H , W ± H of the littlest Higgs model (LHM) associated with one QCD jet. Considering the fact that the production 'associated with one QCD jet' is not suppressed too much, but may have higher transverse-momentum, we have precisely calculated the cross sections of hadronic production, the transverse-momentum distributions and the ratios of signal over square root of the main background from Standard Model (SM) at LHC and Tevatron energies. We further examine the possibility to observe the heavy gauge bosons in a hadron collider environment via the processes: the production with pure leptonic cascade decays of the heavy gauge bosons i.e. pp → V +jet and V → ll. Our numerical results show that within the most favorable and allowed parameter region of LHM, at LHC all of the three gauge bosons may be observable, but at Tevatron the heavy gauge bosons Z H and W ± H are very difficult to observe, while the light gauge boson B H may be observable. *
I. Introduction
It is known that the Standard Model (SM) is very successful, but it still is widely considered as a unknown low-energy effective theory of a fundamental theory characterized by an energy scale Λ ≃ O(T eV ) i.e, new physics beyond SM may emerge above the energy scale. However quite a lot of the fundamental theories such as the models inspired on string theory, topcolor theory and little Higgs theory etc have a common feature: all of them predict new gauge bosons Z ′ or W ′ and with masses in T eV range. If these bosons are observed, it means irrefutable supporting the models, and as a result, the gauge group sector for SM must be extended [1] . Thus, to search for the extra gauge bosons as new physics at high energy colliders experimentally is very interesting. Considering the physics goal and the situation of the colliders of the highest energy colliders Tevatron and LHC now, to estimate the hadronic production of the gauge bosons theoretically for experimental reference(s) in advance of experiments is on time.
To search for and to study the extra gauge bosons experimentally at the Hadron Colliders (LHC and Tevatron) in Refs. [2, 3] the authors have shown already that the potential power for the LHC experiments with the center-of-mass energy √ S = 14T eV and an integrated luminosity of L = 100f b −1 to observe the new gauge bosons via Drell − Y an process→ Z ′ → l + l − and quark-antiquark annihilation′ → W ′ → lν, which are the predominantly production processes of these gauge bosons, can reach to several T eV region. Especially, In Ref. [4] it has been further shown that the measurements of the forward-backward lepton charge asymmetry and the Z ′ rapidity distribution allow to discriminate different Z ′ mass up to 2 ∼ 2.5 T eV at LHC with integrated luminosity L = 100f b −1 . At Tevatron, there are also some chances in observing the heavy bosons, but it depends on the masses of the heavy boson and how much integrated luminosity can be collected before shutting down 1 .
1 In this paper, we are discussing the phenomenology of the littlest Higgs model (LHM) and, as indicated in the below text, in the model the heavy bosons can be so light (hundreds GeV ) when the parameters of the model are finally taken in a very favorable region, thus Tevatron may have chances to observe the light bosons.
Production of the electroweak gauge bosons Z or W ± associated with one QCD jet e.g. via the neutral current processes→ Zg and gq(q) → Zq(q) or via the charged current process′ → W ± g and gq(q) → W ± q ′ (q ′ ) can be used for precisely measuring the parton distribution functions (PDFs) and some observables else in hadronic physics [5] . For the purpose to measure PDFs, it has certain advantages, such as the fact that the produced bosons in the processes with an extra jet to the Drell − Y an production, the bosons may have quite large p T in comparison with the Drell − Y an type production(see Refs. [6, 7] and references therein for reviews). Accordingly, one of the particular interests to us is to estimate single production of the heavy gauge bosons B H , Z H and W ± H appearing in the little Higgs theory associated with one jet via the subprocesses→ Z H (B H )g, 
II. Calculation formulas
The LHM [10] consists of a nonlinear σ model with a global SU (5) [11, 12, 13] . In Ref. [14] , we have studied single production of these new gauge bosons via e − γ collisions and discuss the possibility of detecting these new particles in future high energy linear e + e − collider (ILC) experiments.
The mass and coupling expressions of the new gauge bosons B H , Z H and W ± H have been extensively discussed in Refs. [11, 15] . The coupling constants of these new gauge bosons to ordinary particles, which are related to our calculation, can be written as:
Where f represents the up quarks u, c and f ′ represents the down quarks d, s or b. bosons. Using these mixing parameters, we can represent the SM gauge coupling constants as g = g 1 s = g 2 c and g
′ . Global fits to the electroweak precision data impose rather severe constraints on these free parameters. However, if the SM fermions are charged under U(1) 1 ⊗ U(1) 2 , the constraints become relaxed. The scale parameter f = 1.0 ∼ 2.0T eV is allowed for the mixing parameters c and c ′ in the range of 0.1 ∼ 0.6 and 0.62 ∼ 0.73, respectively [15, 16, 17] . Through out this paper, we will take into account these constraints for giving our numerical results.
Figure 2: F eynman diagrams for the processes pp(pp) → W H +jet.
At the leading order, production of the neutral gauge bosons Z H and B H in association with one QCD jet is induced by the neutral current processes:
with q = u, c, d, s, b. The relevant F eynman diagrams are shown in Fig.1 . The charged gauge bosons W ± H can be produced with one QCD jet via the charged current processes:
as shown in Fig.2 . q ′ can be taken as the down quarks d and s. We can generally write these processes as ij → V +jet with V = Z H , B H , and W H . To calculate the production cross sections of these subprocesses, we define the Mandelstan variables in the standard
For the subprocess→ Z H g , using
Eq. (1) and other relevant F eynman rules, the tree-level unpolarized squared amplitude can be written as:
The unpolarized squared amplitude for the qg-initial process can be easily obtained from Eq. (7) using crossing symmetry. For the electroweak gauge bosons γ and Z, the crossing symmetry relations between the unpolarized squared amplitudes have been given in Ref. [18] . For the process ij → V +jet with V = Z H , B H , and W H , the unpolarized squared amplitudes have similar crossing symmetry relations with those given in Refs. [18] :
and
Using these crossing symmetry relations, we can easily obtain the production cross section of the parton process ij → V + jet.
The effective cross sections σ(Z H +jet), σ(B H +jet), and σ(W 
where q = q ′ = u, d, c, s, b for the new gauge bosons Z H and B H , and q = u, c, q
for the new gauge boson W − H . Through out this paper, we neglect theuark mass and use CT EQ6L PDFs [19] for quark PDFs f q/p (x 2 , M 2 V ) and the gluon PDF f g/p (x 1 , M 2 V ), in which M V is the mass of the gauge boson V . Rapidity cut for the gauge boson V is taken as | η V |< 2.5.
III. Numerical results and conclusions
From above discussions, we can see that the production cross sections of the processes or a virtual photon γ) 2 . To see the signal against the background for such heavy bosons roughly, we introduce the ratio of the signal over the square root of the backgrounds:
Under narrow width approximation, the signal number of this kind events can be approximately written as 2 Here we examine the the possibility to observe the heavy gauge bosons via their pure leptonic decays only, so the main backgrounds are that besides one QCD jet the charged lepton pair with the mass of the new gauge bosons accordingly are just produced via virtual gauge bosons of SM Z, γ and W . Since the mass of the new gauge boson is much greater than that of Z boson, so here for the background only virtual Z or photon should be taken into account for pp(pp) → 'Z(γ)'+jet → l + l − + jet. Since the backgrounds: of the three jet production (pp(pp) → 3 jets), the two opposite charged leptons in the final state occasionally come from the decays of the hadrons which are the fragments of one or two of the three jets, are tiny, we will ignore them safely. In contrary, if via the hadronic decays Z H (B H ) → qq, the signal of the production for the neutral heavy gauge bosons presents as three jet event,
i.e. pp(pp) → Z H (B H )+jet → qq+jet(3jets). For the three-jet backgrounds come from the SM processes pp(pp) → 'Z(γ)'+jet→ qq+jet, pp(pp) → 'W '+jet →′ +jet and three jet production pp(pp) → 3 jets etc, they are expected very great. Since the estimate on the signal vs the backgrounds for the observation is complicate so we leave it elsewhere. at Tevatron.
The decay W ± H → lν can manifest itself via its event contains an isolated charged lepton and missing energy from ν. In this case, the signal of the production for the heavy signals as those from the new gauge bosons Z H , and B H or W ± H . However, further studies such as the decays Z H → Zh, B H → Zh, and W H → W h at LHC even at Tevatron can produce the characteristic signatures, that can be used to distinguish the little Higgs models from other models beyond the SM. This has been extensively studied in Refs. [8, 9] .
